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Ultrastructural changes in IgA nephropathy in relation to histologic
and clinical data. In order to evaluate the ultrastructural changes in IgA
nephropathy (IgAN) and their relationship with light microscopic and
clinical features, renal biopsy material from 239 Korean patients with
IgAN was studied by light, electron and immunofluorescence micros-
copy. Forty-one were children and 198 were adults. Modified classifi-
cation of Meadow et al (1972) for Henoch-Schönlein nephritis was used
for the histologic grading of glomerular lesions. Forty-three adults
(18%) exhibited histologic grades IV and V lesions in association with
more severe clinical findings, when compared to the remaining 196
patients with histologic grades I to III. A significant difference was
noted between children and adults in the severity of the glomerular
lesions (P < 0.01). Mesangial deposits were observed in all (100%),
subendothelial deposits in 37%, subepithelial deposits in 18%, abnor-
malities in glomerular basement membrane (GBM) in 20%, mesangio-
lysis in 44%, and mesangial interposition in 25%. The frequency of
GBM abnormalities and subepithelial deposits in children was signifi-
cantly higher than that seen in adults (P < 0.01). The abnormalities of
GBM were not related to more severe clinical manifestations when our
analysis was restricted to grade III histologic lesions. All of the above
ultrastructural changes except for mesangial deposits were associated
with more severe histologic grading in adults (P < 0.025 or P < 0.01).
Yet a correlation between these ultrastructural changes and histologic
grading could not be studied in children due to confinement of their
histology within a more benign group. These results suggest that the five
ultrastructural parameters described here appear to bear important
prognostic value in adults with IgAN. In addition, the lesser glomerular
injury observed in children may predict a better prognosis regardless of
GBM abnormalities.
IgA nephropathy (IgAN) is diagnosed when there is diffuse
mesangial deposition of IgA in the absence of systemic disease.
While this disease has been extensively studied by light and
immunofluorescence microscopy, detailed ultrastructural stud-
ies have been confined to a small number of patients. Recently
several authors have called special attention to some ultrastruc-
tural features of IgAN, including the subendothelial or subepi-
thelial deposits [1—5], changes in the glomerular basement
membrane [6—111, mesangiolysis [12] and mesangial interposi-
tion [6, 13]. Yet their frequency or prognostic significance in
relation to clinical or light microscopic features is not clearly
defined. We reported in our previous work on IgAN that the
Received for publication July 27, 1988
and in revised form October 14, 1988
© 1989 by the International Society of Nephrology
histologic grading of glomerular lesions according to the criteria
by Meadow et al [14] for Henoch-SchOnlein nephntis (HSN)
can be the best prognosticator in IgAN [15]. In this study
several interesting ultrastructural features of IgAN from a large
sample of Korean patients were evaluated and correlated to the
histologic grading of glomerular lesions and clinical features.
Methods
Patients
Two hundred and thirty-nine patients diagnosed as having
IgAN at the Department of Pathology, Seoul National Univer-
sity during the years 1985 to 1987 formed the subjects of this
study. One hundred and ninety-eight patients were adults and
41 were children. The diagnosis of IgAN was based upon the
demonstration by direct immunofluorescence of mesangial IgA
deposition in isolation or as the predominant immunoglobulin
and the lack of clinical or laboratory evidence of systemic lupus
erythematosus, Henoch-Schonlein purpura, or cirrhosis of the
liver. All of the specimens evaluated in this laboratory were
from patients residing in South Korea, referred from hospitals
throughout the country. For each patient, data were collected
concerning age, sex, date of clinical onset, episodes of macro-
scopic hematuria, blood pressure, urinalysis, blood urea nitro-
gen, serum creatinine concentration, 24-hour urinary protein
quantification and medications. Renal insufficiency was defined
as serum creatinine in excess of 1.5 mg/dl. Hypertension was
diagnosed when the blood pressure exceeded 140/90 mm Hg in
adults, and by age matched evaluation in children.
Pathological study
Renal biopsies, all of which contained at least 10 glomeruli,
were processed for light, electron, and immunofluorescent
microscopy using standard methodologies previously described
[16].
Light microscopy. Tissues were fixed in Zenker's fixative,
embedded in paraffin, serially sectioned and stained with hema-
toxylin and eosin, and periodic acid-Schiff (PAS). The severity
of glomerular lesions was graded according to the classification
of Meadow et al for HSN [14], which was utilized by us in a
recent study of IgAN [15] as follows:
880
I. Normal without crescents/segmental lesions (sclerosis, ad-
hesions, necrosis);
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Table 1. Prevalence of clinical features at time of biopsy
Mean duration
of disease
.
Histologic
grading N
Age (years)
range
Sex
(M/F)
before biopsy
(months)
range
Hematuria
Gross/Micro
Proteinuria g/dav
- Renal
impairment Hypertension<1.0 1.0—3.4 3.5
Children
I 3 9.7 4.9
4—13
3/0 17.2
0.5—34
2/0 1 1 1 0 0
II 10 10.4 3.0
5—14
7/3 16.9
0.1—45
7/2 8 1 1 0 I
III 28 10.0 2.9
5—15
17/11 6.5
0.1—36
21/7 18 7 3 1 1
Subtotal 41 10.1 3.0
4—15
27/14 9.9
0.1—45
30/9 27 9 5 1 2
Adults
I 3 30.5 5.3
26—36
0/3 3.8
1—6
1/2 3 0 0 0 0
II 48 27.8 10.2
16—61
21/27 12.8
0.1—84
26/17 28 10 10 4 5
LII 104 28.2 9.0
16—54
56/48 15.9
0. 1—120
48/47 36 48 20 11 12
IV 24 41.4 9.3
23—60
12/12 26.0
0.7—144
6/16 3 13 8 10 8
V 19 28.5 6.7
17—37
15/4 47.4
0.5—120
3/15 0 2 17 15 14
Subtotal 198 29.8 10.0
16-61
104/94 18.0
0.1—144
84/97 70 73 55 40 39
Total 239 26.4 11.8
4—61
131/108 16.5
0.1—144
114/106 97 82 60 41 41
II. <50% glomeruli showing proliferation of mesangial cells,
with or without crescents/segmental lesions in <15% gb-
meruli;
III. >50% glomeruli showing proliferation, with crescents!
segmental lesions in <50% glomeruli;
IV. As with III but with crescents/segmental lesions/total gb-
merular sclerosis in 50 to 75% glomeruli;
V. As with III but with crescents/segmental lesions/total gb-
merular sclerosis in >75% glomeruli.
Immunofluorescence. Studies were done by the direct
method using commercially purchased, fluoresceinated mono-
specific antisera to human IgG, IgA, 1gM, C3, Clq and fibrin-
ogen (Dako Corp., Santa Barbara, California, USA). The
amount and extent of fluorescence were graded 0 to 4+.
Electron microscopy. Tissue was fixed in 2.5% glutaralde-
hyde in phosphate buffer for two hours and post-fixed for one
hour in 1% osmium tetroxide. It was processed through graded
alcohol and embedded in epon. Ultrathin sections were cut on
a LKB ultramicrotome and stained with uranyl acetate and lead
citrate. One to three glomeruli were examined in each case in a
Hitachi electron microscope. Electron dense deposits were
evaluated according to their location: mesangial, subendo-
theliab, intramembranous or subepithelial. The quantity and
extent of the deposits were graded from 0 to 4+. The degree and
extent of glomerular basement membrane (GBM) abnormali-
ties, mesangiolysis and mesangial interposition were also
scored from 0 to 4+.
Statistical comparisons between these groups were carried
out by a two-tailed Student's t-test and the chi-square test.
Results
The light microscopy result of the 41 children was: grade
I-three patients; grade Il-ten patients; grade 111-28 patients.
That of the 198 adults was: grade I-three patients; grade 11-48
patients; grade 111-104 patients; grade IV-24 patients; grade
V-l9 patients. A significant difference was demonstrated be-
tween children and adults in the severity of the glomerular
lesion (P < 0.01).
Clinical features at presentation
Clinical data at the time of biopsy are summarized in Table 1,
in which patients were grouped according to the pathologic
grading and age. The overall mean age was 26.4 years. Male
predominance was only noted in children. The mean duration of
disease tended to be longer proportional to the severity of
glomerular lesions in adults, but these correlations did not reach
statistical significance. In accordance with our previous report
[151, patients with lesions of histologic grades IV and V had
higher levels of proteinuria, serum creatinine and blood pres-
sure and a lower frequency of gross hematuria when compared
to those with grades I to III lesions (P < 0.01). When the
analysis was restricted to patients with grades I to III gbomer-
ubar lesions, it was found that the frequency of moderate to
heavy proteinuria  1.0 g/day was significantly higher in adults
(P < 0.01), whereas that of gross hematuria was much greater in
children (P < 0.01); the frequency of renal insufficiency and
hypertension showed no significant difference between adults
and children. Initial renal impairment was noted in 16 patients
with grades II and III lesions, mostly of mild degree: of the 12
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Table 2. Ultrastructural features in IgA nephropathy
Mesangial Subendothelial Subepithelial GBM Mesangial
Histologic grading N
deposit deposit deposit abnormalities Mesangiolysis interposition
N (%)
Children
I 3 3(100) 0 0 0 0 0
II 10 10 (100) 2 (20) 0 1(10) 2 (20) 0
III 28 28 (100) 16 (59) 15 (54) 17 (61) 16 (57) 5 (18)
Subtotal 41 41(100) 18 (44) 15 (37) 18 (44) 18 (44) 5 (12)
Adults
I 3 3 (100) 0 0 0 1(33) 0
II 48 48(100) 7(15) 1(2) 0 11(23) 4(8)
III 104 104 (100) 32 (31) 17 (16) 17 (16) 47 (45) 26 (25)
IV 24 24 (100) 16 (67) 4 (17) 6 (25) 16 (67) 10 (42)
V 19 19 (100) 16 (84) 7 (37) 7 (37) 12 (63) 15 (79)
Subtotal 198 198 (100) 71(36) 29 (15) 30 (p5) 87 (44) 55 (28)
Total 239 239 (100) 89 (37) 44 (18) 48 (20) 105 (44) 60 (25)
GBM, glomerular basement membrane
patients who were followed for more than one year, ten
revealed the restoration of normal renal function whereas two
exhibited persistently and slightly abnormal renal function. In
contrast, most patients with initial renal dysfunction and grades
IV and V lesions showed no renal functional improvement at
last follow-up.
Ultrastructura! features
Electron microscopic findings of the patients in relation to the
histologic grading and age are summarized in Table 2.
All of the 239 biopsy specimens exhibited discrete mesangial
deposits. The quantity of the deposits was not associated with
glomerular histologic grading and varied from area to area
within the glomerulus. Knee-like nodular protrusions of the
heavy mesangial deposits were often noted.
Subendothelial deposits were present in 37% and were more
likely found in association with the more severe glomerular
lesions in adults (P < 0.01). The frequency of these deposits
showed no significant difference between adults and children.
The amounts of these were usually smaller than those of the
mesangial deposits. They usually accompanied loosening and
widening of the lamina rara interna with an irregular inner
contour of the capillary wall. About 30% of these deposits
underwent partial resolution.
Subepithelial deposits were noted in 18% of all patients, the
presence of which was related significantly to the severity of
glomerular changes in adults (P < 0.01). They were always
associated with mesangial deposits. In 35 cases (80%) they were
also associated with subendothelial deposits. The frequency of
these deposits in children was significantly higher than that in
adults (P < 0.01). They were scanty and usually localized to a
few capillary loops. Their size was variable. They occasionally
underwent resolution resulting in the abnormalities of GBM as
described below. The deposits with typical spike and dome
formations reminiscent of those seen in membranous nephrop-
athy were noted in a few cases confined to small foci (Fig. 1).
The abnormalities in GBM were observed in 20% of the
biopsy specimens and were more frequently found in associa-
tion with the more severe histologic lesions in adults (P <
Fig. 1. Electron micrograph. The peripheral segment of a glomerular
capillary loop contains a number of subepithelial deposits, which are
separated by small spikes of glomerular basement membrane. x7,200
0.025). As happened to the cases with subepithelial deposits,
the frequency of these was significantly higher in children than
in adults (P < 0,01). They were usually localized to some
capillary loops. In affected segments, the lamina densa exhib-
ited thinning, thickening, rarefaction or lamellar splitting (Fig.
2). In 75% of these lamina rara externa was irregularly thick-
ened, and contained small, isolated subepithelial deposits in
dissolution covered with a newly formed thin densa layer (Fig.
3). Occasionally irregular expansion of lamina rara interna was
present in the lesion as with some spherical microparticles.
The frequency of mesangiolysis in all of the patients with
IgAN was 44%, showing no difference between adults and
children. Increasing percentages of patients manifested mesan-
giolysis according to severity of histologic lesion in adults (P <
0.01). The extent and degree of this lesion varied from case to
case. In the affected areas, the mesangial matrix showed
edema, fragmentation and/or dissolution with or without degen-
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Fig. 3. Electron micrograph. Small subepithelial deposits are covered
with a newly formed densa lamella, Spherical microparticles are also
present. E, endothelial cell nucleus. xl5,000
eration or necrosis of mesangial cells. In areas, mesangial dense
deposits undergoing resolution were admixed with the lytic
mesangial matrix, making it difficult to differentiate the origin of
lysis (Fig. 4). Furthermore, mesangiolysis occasionally blended
with widened lamina rara interna. In some cases, mesangiolysis
was accompanied by regions of increased accumulation of
collagen fibrils or sclerosis (Fig. 5).
Mesangial interposition was seen in 25% and was more
commonly present in relation to the severity of histologic
grading in adults (P < 0.01). Its frequency exhibited no signif-
icant difference between adults and children with histologic
grades I to III. This lesion was very localized, affecting a few
stretches of the capillary wall and was occasionally circumfer-
ential. Of the 60 patients with this lesion, 46 patients (77%)
exhibited subendothelial deposits (Fig. 6). As happened to the
Fig. 5. Electron micrograph. Advanced mesangiolysis, showing necro-
sis of the mesangial cells and severe damage to the mesangial matrix
with deposition of collagen fibrils. X4,900
cases with membranoproliferative glomerulonephritis, the mes-
angial interposition was significantly related to the subendo-
thelial deposits (P < 0.01).
Correlation with abnormalities of the GBM in patients with
grade III lesions
Clinical and morphologic features of the patients with abnor-
malities of GBM at the time of biopsy were compared with
those without them (Table 3). To exclude the bias affected by
the different glomerular lesions, the comparison was restricted
to those with grade III lesion. When children with or without
GBM abnormalities were compared, no difference was noted in
any of the clinical parameters. In adults, the patients without
GBM abnormalities exhibited a significantly higher frequency
of gross hematuria than those with them (P < 0.01). Other
FIg. 2. Electron ,nirrograph. Splitting of the glomerular basement
membrane (GUM I and partial interruption of lamirm densa (snow head)
accompanying lysis of GBM and lipoid vacuoles. x l4.tI0
Hg. 4. Electron mirrograph. Scattered dense deposits (if) undergoing
resolution are admixed with severely lytic mesangial matrix My
x 4.900
-
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Fig. 6. Electron micrograph, Peripheral capillary loop showing large
subendothelial deposits (arrows) and mesangial interposition. In an-
other segment of the glomerular tuft on the left are seen portions of big
mesangial deposits. CL, capillary lumen. X6,000
clinical features including the level of proteinuria, and fre-
quency of renal impairment and hypertension showed no sig-
nificant difference in the two groups.
The patients with abnormalities of GBM were more fre-
quently associated with subendothelial and/or subepithelial
deposits when compared to those without them (P < 0.01).
However, no significant difference was seen in the frequency of
crescent formation, mesangiolysis and mesangial interposition
between these groups.
Discussion
In the present study, we examined the frequency of several
ultrastructural features in IgAN, correlated to the glomerular
histologic grading and clinical features.
The overall frequency of subendothelial deposits in our
patients was 37%, showing no significant difference between
adults and children. The frequency of subepithelial deposits in
our pediatric patients was also 37%, which was significantly
higher than the 15% observed in adults. The frequency of
subendothelial or subepithelial deposits in patients with IgAN
varies considerably in different studies, ranging from 6 to 55%
[2, 17] in subendothelial deposits, and 1.8 to 56% [1, 6] in
subepithelial deposits. The marked variability in their fre-
quency might be related to the sampling problems, as those
deposits are often present in a few glomerular loops and can
easily be overlooked. Some authors [1—3] suggested that pa-
tients with subendothelial or subepithelial deposits had a
greater tendency to develop heavier proteinuria or renal insuf-
ficiency, whereas others [18, 19] could not detect any prognos-
tic significance for those deposits. In the present study, the
presence of subendothelial or subepithelial deposits in adults
was clearly associated with more severe glomerular lesions
inferring a bad prognosis.
The frequency of GBM abnormalities is also markedly vari-
able, ranging from 13 to 50% [7, 10]. Its frequency of 40 to 50%
in pediatric patients reported by several authors [8, 10, 11] was
similar to that of 44% reported by us. However, that of 40% in
adult patients reported by Shigematsu et al [9] is much higher
than that of 15% observed by us. In fact, Shigematsu et al [91
diagnosed the lesion even when there were rather mild splitting
and thinning of the GBM as well as reparative changes in
endothelial and/or epithelial cells. They could not demonstrate
a correlation between peripheral loop deposits and abnormali-
ties of GBM, whereas others [8, 10, 11] including ourselves
observed a good relationship between those, suggesting that the
lower frequency of the lesion in our adult patients might be
related to the application of more strict diagnostic criteria.
Nevertheless, the frequency of GBM abnormalities and subepi-
thelial deposits in our pediatric patients was significantly higher
than that observed in adults. We can only speculate about the
mechanism responsible for this phenomenon.
Shigematsu et al [9] considered that some congenital meta-
bolic defect similar to that observed in hereditary nephritis
could play a role in the pathogenesis of locus minoris of the
GBM in the cases with IgAN in view of the morphologic
similarities, although the extent of the lesion in IgAN is not so
diffuse as that of the hereditary nephritis. Yoshikawa et al [10]
thought that the lesion was possibly caused by lysis of GBM
which may be attributed to proteolytic enzymes derived from
polymorphonuclear leukocytes along with subepithelial depos-
its. Subepithelial deposits appear to be operative for the patho-
genesis of GBM abnormalities in this study. However, the
evidence for the polymorphonuclear leukocytes participating in
the local tissue injury of GBM was not clearly shown by
ultrastructural examination alone, although we also rarely
noted neutrophils in the capillary lumens surrounded by the
affected GBM. Observing the characteristic GBM abnormalities
in 85% of mostly pediatric patients with HSN, Zollinger et al
[20] suggested that this change is much more frequent in HSN
than in IgAN, permitting differentiation of the former from the
latter. Yoshikawa et al [10], however, could not demonstrate
any significant difference in the frequency of the lesion between
children with HSN and children with IgAN. In our previous
ultrastructural study on 13 adults with HSN, we could find
abnormalities of GBM in only one case [21]. These consider-
ations together with our present study lead us to assume that
the capacity to clear a pathogenic antigen might be different
between adults and children. In addition, we speculate that
children might be more vulnerable to GBM abnormalities with
the same amounts of immunologic injury than adults, possibly
attributed to the immaturity of the GBM itself.
The presence of abnormalities of GBM has been suggested as
markers of poor prognosis in terms of heavier proteinuria [101,
more severe glomerular changes [8, 10], or crescent formations
[5, 22]. Other researchers [7, 19], however, reported that the
abnormalities of GBM are not more frequent among patients
with more severe clinical or histological findings. Our observa-
tiorts provide little support for a role of GBM abnormalities in
more severe clinical presentation or crescent formation when
our analysis was confined to grade III. Nevertheless, abnormal-
ities of GBM were well related to a more extensive glomerular
histologic grading in adults, suggesting that these features may
portend a bad prognosis.
The mesangium is a labile component of the glomerulus.
Edema of mesangial matrix, an early sign of mesangiolysis, is a
common phenomenon in the acute stage of glomerulonephri-
tides [23]. Lysis of the mesangial matrix around the electron
-K .e,
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Table 3. Clinical and morphologic data of 132 patients with grade LII IgA nephropathy in relation to glomerular basement membrane
abnormalities (GBM abn)
Children Adults
GBM abn + GBM abn — GBM abn + GBM abn —
N=l7 N=ll N=17 N=87
Clinical
Sex (M/F) 9/8 8/3 8/9 48/39
Age 9.4 2.6 11 3.3 31.2 12.1 27.6 8.2
Mean duration of disease before biopsy (mo) 5.8 7.7 21.4 14.9
Range 0.3—26 0.1—36 0.3—120 0.1—120
Hematuria
Gross 13 (76) 8 (73) 3 (18) 45 (52)
Micro 4 (24) 3 (27) 12 (71) 35 (40)
Proteinuria (g/day)
<1.0 12(71) 6(55) 7(41) 29(33)
1.0—3.4 2 (12) 5 (45) 7 (41) 41(47)
3.5 3 (18) 0 3 (18) 17 (20)
Renal impairment 0 1 (8) 2 (12) 7 (8)
Hypertension 1 (7) 0 3 (18) 9 (10)
Morphologic
Crescent formation 10 (59) 5 (45) 5 (29) 43 (49)
Subepithelial deposit 11(65) 4 (36) 12 (71) 5 (6)
Subendothelial deposit 12 (71) 4 (36) 11(65) 21(24)
Mesangiolysis 8 (47) 8 (73) 12 (71) 35 (40)
Mesangial interposition 3 (18) 2 (18) 7 (41) 19 (22)
Figures in parentheses refer to percentage of positives.
dense deposits in the cases with IgAN was elaborately de-
scribed by Sinniah and Churg [12]. Although no authors studied
its frequency in this disease, the percentage of 44% observed in
the present work suggests that mesangiolysis is common in
IgAN. This lesion appears to be related to the chronic damaging
mechanism of mesangial overload by IgA immune complexes,
causally associated with glomerulosclerosis [12]. Our demon-
stration of a correlation between the mesangiolysis and more
advanced glomerular histologic grading in adults may substan-
tiate this notion.
Segmental or minor mesangial interposition was observed by
several authors in patients with IgAN [6, 13, 24]. Its overall
frequency in this study was 25%, which was similar to that
observed by others [13, 24]. It was more frequently noted
among adults with more severe histologic grading. Others also
found it in some cases with chronic disease [13].
As mentioned earlier, the histologic grading system used in
this study can be a useful prognosticator of the clinical outcome
in IgAN. Our demonstration of a correlation between all of the
aforementioned ultrastructural findings, except for mesangial
deposits, and more severe glomerular histologic grading in
adults suggests that these five ultrastructural changes may
contribute to the progression of the disease, singly or interde-
pendently, and, therefore, are valuable prognostic indicators.
In children, however, the prognostic significance of these
ultrastructural parameters in relation to histologic grading could
not be studied as they showed only grades Ito III lesions. The
more common occurrence of GBM abnormalities as with sub-
epithelial and subendothelial deposits in children than in adults
with grade III histologic lesions may merely reflect the early
active stage of glomerulonephritis in children. Notwithstanding
the presence of lesser glomerular injury in children seems to
predict a better prognosis as already noted by others [25].
Further studies are required on these ultrastructural features to
clarify the course of renal pathology in IgAN.
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